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Abstract 

This thesis presents a continuation study about the diffusion of innovation 

in the manufacturing companies. The focus of this study is the diffusion of 

innovation in technology and CAD is the selected technology that is widely 

used in the manufacturing companies. The foundation of this study is the 

previous work that has been conducted by Jan Löwstedt and Christer Norr 

in 1991 that explained about the diffusion of technology during that time. 

Thereafter, technology has experienced a rapid change. There is not a 

continuation study afterwards. The purpose of this study is to see  

how the technology has changed and how people use it over time, and what 

driving forces are behind it, so an extension information for the PLC 

perspective can be formed.  

Theoretical framework was built by analyzing the previous studies as the 

foundation to see what has changed over time. The concept of the diffusion 

of innovation, PLC, and the development of CAD in terms of technical and 

organizational perspective wise from several researchers are also disclosed to 

support the empirical findings.  

The approach of this study is based on a qualitative study where empirical 

data are collected through interviewing Swedish manufacturing companies 

that use CAD in their companies. 

The result of this study reveals that the usage of CAD technically is not 

dramatically changed: it is still mainly in providing a visceral visualization. 

But, the paradigm shifting in utilizing CAD in the organization is worth 

exploring. Where it is triggered by the need to get more advanced technology-

wise. The diffusion of technology could contribute the paradigm shifting in 

the way of working. This study shows that the companies tend to maximize 

the result of the technology by integrating the result not exclusively only for 

the design department, but also for other parties such as: the engineering 

calculation department and customers. However, this study could present a 

sharper pattern if there were more companies that were in the early stage of 

CAD as the source of information. 

Keywords: the diffusion of innovation, CAD, integrated organization 
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background, problem area, limitations and the research purpose. 

Theoretical Framework 

This chapter will present the different areas that have been explored in order 

to improve the understanding within the topic area. 
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1. Introduction 
This chapter will present a short description of the topic area such as 

background, problem area, limitations and the research purpose. 

1.1 Background 

Innovation is a word with different definitions. Tidd & Bessant (2009) state 

that the word innovation is derived from the word innovare which means to 

make something new (Tidd & Bessant, 2009). However, there are two 

different types of innovation, it could either be an incremental innovation or 

a radical one. Incremental innovations are those who are based on already 

delivered benefits without requiring new behavior or change in consumption 

(Tidd, 2010). The difference with a radical innovation is that it requires to be 

a product with new technology which changes the behavior and 

consumption patterns (Tidd, 2010). Some characteristics that define an 

innovation are relative advantage, compatibility, complexity, trialability, and 

observability. The greater they are, the faster an innovation will get adopted. 

(Rogers, 1983). 

The area of innovation have been interesting for many researchers and a 

specific topic within this area is the diffusion of innovation. The diffusion of 

innovation identifies which innovations are translated into social and 

economic benefits (Tidd, 2010). One of the technologies that has been widely 

diffused is computer aided design (CAD), which will be the focus of this 

study. This innovation will be specifically interesting because technological 

innovations are the source of quality improvements and productivity 

(Bessant & Tidd, 2007). CAD has been used since the first generation of the 

technology, which came in the late 1970s (Goel et al., 2012). It would be 

interesting to see how this technology has been diffused from a product 

lifecycle (PLC) perspective because the PLC identifies the journey of a 

product on the market. The foundational reason for this study is the fact 

that there are previous studies that could be used in early phases to create a 

PLC of CAD’s diffusion. Löwstedt (1989) conducted a study to see how 

companies look upon the technology in early stages. Later, Löwstedt and 

Norr (1991) conducted a new study to see how CAD was used as a solution-

driven tool to a more problem solving tool. However, the area of CAD has 
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diffused lately and therefore the area needs to be updated to today’s 

application area.  

PLC concept includes four different phases: introduction, growth, maturity, 

and decline (Cox, 1967; Twiss, 1992; Rink et al., 1999). This study will use 

these four areas to see how previous work can be related to today’s view of 

CAD by categorizing the diffusion into the four phases. Therefore, an 

extension of the technological trajectories can be identified. 

1.2 Problem Area 

In this era where technology is vastly improving, CAD software is also 

upgrading its features to overcome the future challenges. Nowadays CAD, for 

example, enables visualizing the whole models of engineering design. 

Moments like the transition from a concept into the detailed technical 

specification of the product will be included in this process (Riesenfeld, et al., 

2015). 

From the previous studies, we can see that there is a shifting object from 

time to time, for instance Sendler & Wawer (2008) mentioned that, in the 

past, the engineering department was highly specialized in manufacturing 

companies. The reason for this could be because of traditional methods 

within the companies and the isolation from other departments (Sendler & 

Wawer, 2008). The engineering department was isolated in terms of 

communication when designing a model. No one knew or understood what 

the designers were doing at that time until they had finished their job. 

Furthermore, the technical drawings that were produced were complex and 

sophisticated in their nature. This leaded to the result that hardly anyone 

could understand them. Several years later, the designers and the engineers 

were still dominating the knowledge of the design, but there was a better 

integrating process with other colleagues from other departments. The 

designers and the engineers were not the single players in the team 

anymore. Sharing knowledge with other departments encouraged a greater 

company success (Sendler & Wawer, 2008). 

There were underlying forces behind all activity changes, these are called the 

driving forces. In 1997, there was a study from Baba & Nobeoka that 
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mentioned the four driving forces in the diffusion of CAD. The first force 

identified that the capabilities of the engineers have increased. The second 

force, CAD as a technology, has improved in the aspects of interface, speed, 

and reliability. The third force is about the contribution of improving data 

transferability. The last force was about the ability to reuse the existing 

drawings (Baba & Nobeoka, 1997). While in 2015, Horvarth & Vroom 

mentioned that the triggers of the historical evolution of CAD were: the 

shifting objectives in research and development, the advancement of 

computational hardware and software technologies and the aggregation of 

algorithm and methodological knowledge.  

All of these phenomena bring out the needs to conduct a continuation study 

of the diffusion of CAD in companies. The key focus in this area would be to 

see where the technology trajectory is moving in terms of technological usage 

and driving forces. 

1.3 Limitations 

Within this period of study, it is important to narrow down the focus of the 

research scope. The area of technology is wide and therefore we have chosen 

to narrow the field of research into the companies that are related with 

manufacturing industries. The characteristics of the companies that we are 

focusing on are those that have conducted CAD early. The reason is that it 

will enable us to create an analysis over time.  

The process will be divided into two different parts in order to accomplish the 

PLC of CAD diffusion. One part will be analyzing the previous work to clarify 

the previous stages of the PLC in the companies, which are the introduction 

and growth phases. The next step will be analyzing the research about the 

diffusion of technology in later years. This will help us to identify which 

specific areas we should focus in order to see the connections with the 

maturity phase.  

1.4. Purpose and Research Question 

The purpose and goal of the research is to identify the characteristics of CAD 

within manufacturing companies from a PLC perspective. The study will 

implicate from the introduction phase to the maturity phase. Therefore, it is 
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important to find a mixture of manufacturing related companies where some 

have been active since the introduction of CAD. The research questions of 

the study are following:  

RQ1: How has the usage of technology changed? 

RQ2: How do people use it in organizations?  

RQ3: What are the driving forces? 

To accomplish the purpose of the research, a qualitative study will be 

conducted. The purpose is to get the depth needed to understand the 

manufacturing companies, especially in the aspects of how the development 

of CAD has derived from the early adoption to the today’s usage. There will 

be an extension to the discussions of the area today and also a bridging. In 

this research, we would like to see what has happened afterward during the 

rapid improvement of technology and their impact in the manufacturing 

companies. Special focus in these areas will be: the CAD usage within the 

companies, the driving forces that influence the development of CAD, CAD 

integration within the organization, the future of CAD. 
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2. Theoretical Framework 
This chapter will present the different areas that have been explored in order 

to improve the understanding within the topic area. Here is the overview of 

what is inside this chapter: 

2.1 The Diffusion of Innovation 

Rogers’ innovation theory was put as the main theory here, complemented 

by the S-curve concept, the stream of innovation and the bandwagon effect 

theory.  

2.2 Product Lifecycle Concept 

The various product life cycle concept from different researchers: Cox, Twiss 

and Rink, Roden & Fox.  

2.3 The Diffusion of Technology in Manufacturing Companies 

Started to see the main objectives of the manufacturing companies and how 

the companies could achieve them by using the technology. The technology 

that will be the main focus is CAD. 

2.4 The Development of CAD 

Mainly showing the evolution of CAD from the contributions perspective, the 

technical perspective, the mindset of the users’ perspective and the 

organizational perspective. The driving forces that triggered the changes were 

also brought to see the reasons behind it. 

2.5 Previous Study about the Diffusion of CAD 

The core foundation study of this paper: Löwstedt and Norr’s research in 

1989 and 1991 were used to fill up the story of CAD in the early phase.   

2.6 Research Model 

The way how the theoretical framework could be the groundwork for the next 

step of this study, such as setting the interview guide and collating the 

analysis. 
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2.1 The Diffusion of Innovation 

There is not only one definition of what an innovation is, there are many 

authors that have pointed out different characteristics of what considers as 

an innovation. The word innovation is derived from the word innovare which 

means, to make something new (Tidd & Bessant, 2009). An innovation is an 

idea, practice, or object that is perceived as new by an individual or other 

unit of adoption (Rogers, 1983; Tidd & Bessant, 2009). Tidd & Bessant 

(2009) clarifies that there are four dimensions of innovation space. There are 

product innovations, process innovations, position innovations, and 

paradigm innovations (Tidd & Bessant, 2009). 

Rogers (1983) explains five different factors that characterize an innovation 

and the greater that those characteristics are the faster the innovation will 

be adopted. The First factor which is about relative advantage, where it 

identifies to which degree an innovation is perceived as better than the idea 

it supersedes. It could be measured in economic terms, convenience, 

satisfaction, and social-prestige. The second factor is about compatibility 

where it identifies the degree to which an innovation is perceived as being 

consistent within areas such as existing values, past experience and needs 

of potential adopters. The third factor, complexity, is the degree of how the 

innovation is perceived as difficult to understand and use. The more 

complicated the innovation is the slower it gets adopted. The fourth factor 

that Rogers (1983) speaks about is trialability where it identifies the degree 

to which and innovation may be experimented with on a limited basis. New 

innovations that could be experimented in practice are faster adoptable. The 

last and fifth one is observability, where it identifies to which degree the 

innovation are visible to others (ibid).  

The diffusion of innovations are the means by which innovations are 

translated into social and economic benefits (Tidd, 2010). Produced or used 

innovations have an effect on productivity growth no longer than six years 

(Geroski, 1991). The technological innovations are the source of quality 

improvements and productivity (Bessant & Tidd, 2007). The definition of 

technology according to Thomson (1967) is a design for instrumental action 
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that reduces the uncertainty in the cause-effect relationships involved in 

achieving a desired outcome (Thompson, 1967). 

The original diffusion research was done as early as 1903 by the French 

sociologist Gabriel Tarde who plotted the original s-shaped curve over time 

(Rogers, 1983). The follow-up study of the s-shaped curve was done by 

Rogers (1983) by dividing into five adopter categories: innovators, early 

adopters, early majority, late majority and laggards.  

 

 

 

 

 

 

Figure 2.1 Adopter categorization the basis of innovativeness (Rogers, 1983, p. 247) 

Adopter-categories are the classifications of members of a social system on 

the basis of innovativeness, the degree to which an individual or another 

unit of adoption is relatively earlier in adopting new ideas than other 

members of a system. These five categories are ideal types; 

conceptualizations based on observations of reality and designed to make 

comparisons possible.  

The innovation will more likely be adopted if the results are visible (ibid). 

Adoption of new technology have a great impact in the understanding of the 

economics of new technology (She, 2015). For example, innovation can 

create competitive advantages. According to (Roffe, 1999), another 

characteristic for an innovation is differentiated products. Companies could 

achieve competitive advantages through differentiation strategy according to 

(Porter, 1985). 

The salient value of the innovator is venturesomeness, where he or she 

desires the hazardous, the rash, the daring and the risky things and plays a 

gate keeping role in the flow of the new ideas into a social system. Whereas 

innovators are cosmopolites, early adopters are localities; it has the greatest 

degree of opinion leadership in most social systems. The role of the early 
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adopter is to decrease uncertainty about a new idea by adopting it and then 

conveying a subjective evaluation of the innovation to near-peers by means 

of interpersonal networks. The early majority has a unique position between 

the very early and the relatively late as an important link in the diffusion 

process; they provide interconnectedness in the system’s networks. The late 

majority can be persuaded of the utility of new ideas, but the pressure of 

peers is necessary to motivate adoption. All the uncertainties about new 

ideas must be removed before the late majority feel that it is safe to adopt. 

Laggards are the last in a social system to adopt an innovation. Their 

traditional orientation slows the innovation-decision process to a crawl, with 

adoption lagging far behind awareness-knowledge of a new idea. While most 

individuals in a social system are looking to the road of change ahead, the 

laggard’s attention is fixed on the rear-view mirror (Rogers, 1983). 

Among all of the ideas that a company has, it is better for a company to have 

a direction as a business portfolio. Innovation stream is a portfolio of 

innovations that a company possesses. It could be small incremental 

innovations that will increase the offers from a company to more radical 

innovations that will change the technology trajectories of the company 

(Tushman et al., 2010; Henderson & Clark, 1990). In the study created by 

Tushman et al., (2010) they identified that one important factor for the 

determinants of innovation stream is the locus of innovation and the degree 

of structural differentiation. These innovation streams where most 

successful when they were managed by a senior team, not over or below. 

Another finding was that the organizational design had an impact on the 

ability to explore and exploit. The ambidextrous organizational design is 

effective in order to host innovation streams. For instance, it could be 

managerial capabilities that are built through complex organizational 

designs where senior teams are able to handle the contradictory strategic 

issues that are involved in exploiting and exploring. 

However, there are problems with the diffusion of innovations. There are 

cases where implementation of new technology, in this case internet, has 

been done without a strategy because of the bandwagon effect. The 
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bandwagon effect occurs when companies rush to adopt new technology 

(Murphy et al., 2003). McBride (1997, p. 59) points out a quotation based on 

(Widdifield & Grover, 1995), that if a company is not on the internet by the 

end of the century it will be out of business. The reason for implementation 

of new technology could be driven by the competitiveness on the market. 

This is a typical ill-considered decision where companies jump on the 

internet bandwagon without caution or active planning (ibid). In the case 

where McBride analyzes the growth of internet he recognizes that the 

implantation of internet within companies is made because of a growing 

bandwagon and not from a result of a strategic planning. 

2.2 Product Lifecycle Concept 

Product life cycle is a model that shows the trend of sales of some products 

since the first time it is introduced to the market until the company decides 

to stop producing it (Rink et al., 1999). A typical product lifecycle involves 

different stages which provide a framework to understand the innovation 

process, which approximately forms a bell or S-shaped curve. The product 

life cycle can be conveniently divided into four stages: introduction, growth, 

maturity and decline as can be seen in figure 2.2.   

 

 

 

Figure 2.2 The product lifecycle, adopted from consult 101 

By identifying the stage in product life cycle, a company can evaluate its 

strategy before a product can be launched (Polli & Cook, 1969). The 

characteristics of each stage can be seen in table 2.1 
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Table 2.1 The different stages of PLC 

(Cox, 1967) (Twiss, 1992) (Rink et al., 1999) 

Introduction Incubation Pioneering 

Promotional 

expenditure is 

low since this 

stage is in the 

planning phase 

of promotional 

strategy 

 -Performance is low  

 -Reliability poor  

 -High cost 

 -No established target 

market 

 -New products are 

developed and test 

marketed 

-High degree of 

uncertainty and risk 

-Major challenge: 

juggling a strained cash 

flow in an uncertain 

environment 

-Cooperate with 

marketing to develop a 

sales forecast for 

prospective product 

 

Introduction 

 -Limited number of 

competing firms 

-Profitability is low 

-Prices are high 

-Liquidity and leverage 

position are strained 

-Major challenge: 

maintain flexibility by 

keeping options open, 

because a new product 

launch always carries a 

certain level of risk 
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Growth 
Technological growth & 

diversity 
Growth 

Promotional 

expenditure is 

the highest 

 -Higher performance 

 -Technology-driven growth 

 -Short product lives 

 -Success associated with 

being first to market a 

product 

 -Unit sales start rising 

at a faster rate 

-Typically, there are 

substantial profits 

-Rapid expansion in 

demand 

-Increasing competition 

-An improved cash flow 

position 

-Improved liquidity 

-High leverage 

-Major challenge: 

maintain quality 

standards despite 

pressure for speedy 

deliveries 

Market growth & 

segmentation 

 -Rapid growth in the 

industry    

  sales volume  

 -Increasing market  

  segmentation  

-A lower rate of technological  

 advance 

-Technological innovation 

based more on incremental 

improvement 

-A greater role for marketing  

 function in new product  

 decisions 

Maturity Maturity Maturity 

Promotional 

expenditures is 

around 10-20% 

maximum 

monthly 

revenue 

 -Approaching market 

saturation 

 -High volume producers,  

 -Very low likelihood of 

radical product innovation,  

 -Opportunities for smaller   

 companies to exploit niche  

 markets by designing high  

 -Sales volume 

continues to increase, 

but at a lower rate 

-Declining profits 

-Falling prices 

-Many aggressive 

competitors 

-Improved liquidity 
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 value added products -Decrease leverage 

-Excess cash flow 

major challenge: 

maintain quality 

standards despite 

pressure for lower costs 

Decline Decline Decline 

Use non-price 

promotional 

expenditures. 

Products will be terminated 

eventually by the emergence 

of a radically new technology 

with satisfies the same 

market need 

 -Unit sales drop at a 

rapid rate 

-Extremely low profit 

-Good liquidity                    

-Low leverage 

-Major challenge: 

administering a 

systematic 

retrenchment 

There are similarities in characteristics although the product life cycle stages 

are not divided equally. For example, the growth stage from Cox (1967) is 

having similar characteristics with the technological growth & diversity 

versus the market growth & diversity by Twiss (1992). It is because Twiss 

(1992) divided the growth phase into two perspectives; technology-wise and 

market-wise. In growth stage, those three researchers agreed that the 

marketing function takes important role. 

Product life cycle is a concept that gives a better understanding of the 

technological innovation process, but it is important to stress out that not all 

industries will evolve following what the cycle may suggest (Twiss, 1992).  

The characteristic life cycle curve finds a strong theoretical support in 

Rogers’s (1983) theory of the diffusion and adoption of innovation as 

mentioned in the previous part of theoretical framework.  

Quoted from Poli & Cook (1969) about the relationship between PLC and 

Rogers’s theory of the diffusion and adoption of innovation: “The link 

between Rogers’s (1983) theory and the life cycle concept becomes obvious if 
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one considers that the logistic curve usually employed to represent the life 

cycle is the cumulative equivalent of the normal density function, which is 

precisely the shape of Roger’s adoption function.” 

2.3 The Diffusion of Technology in Manufacturing Companies  

The context in this study is the manufacturing companies. Any of the 

manufacturing companies aim to have high-quality products at the lowest 

production cost as they could have (Nasr & Kamrani, 2006). In the more 

saturated market, those companies need to gain their competitive 

advantages in order to win the competition. The impact of technology as a 

source of competitive advantage for manufacturing industries is widely 

accepted by practitioners, governments and academics. In order to attain the 

competitive advantages, it is important for the companies to manage the 

technology and how they use it in the organization (Phaal et al., 2001).  

The traditional approach took a continuous iteration process from the idea 

generation until a prototype of the product. Moreover, several comprehensive 

tests needed to be performed to see if it could meet the requirements or not. 

This approach cost a lot of time and money for the companies. Despite 

making prototypes in repeated loops, with the help of technology, the 

product can be simulated on the screen (Sendler & Wawer, 2008).  

This statement is also supported by Brunetti & Golob (2000) by mentioning 

the importance of capturing, representing and processing the function of a 

product in an early phase (ibid). The first reason is because it can support 

the flow of information without the possibility of losing along the process 

chain, in order to realize a constant computer supported engineering 

environment for an integrated product development. The second reason is to 

enable all designers that are in charge of the product development process to 

develop a consistent product model. With the rapid improvement of 

technology, computer supports can minimize the engineering errors and help 

the designers to be more creative (ibid). 

One of the most remarkable technologies that can be used to reduce 

hardware prototype making is CAD. With the development of CAD and CAM 
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(computer-aided manufacturing), the time and cost analysis of a design has 

been improved immensely (Howard & Lewis, 2003). CAD enables visualizing 

the whole models of engineering design. This included the transition from 

the concept until the detailed information of the design (Riesenfeld et al., 

2015). 

Although there was a statement that argued that the design process had 

little or no control over cost, quality and time, as indicated by Ullman (2010): 

“The three measures of the effectiveness of the design process are cost, 

quality and time to market. Regardless of the product being design...the 

customer and management always want it cheaper (lower costs), better 

(higher quality) and faster (less time) (Ullman, 2010, p. 3).” This argument 

realized that the designing process was not a secluded part of the whole 

product design process until the products can be launched.  

This point of view can be used further in the concept of concurrent 

engineering, a management and engineering philosophy. This concept 

includes quality improvement, reducing cost and lead time, from the 

conceptual phase until product development process.  The whole process 

could be separated per each step, but it runs simultaneously (Howard & 

Lewis, 2003). However, there are still problems with the compatibility within 

the automotive industry. The problem with CAD systems for not being able 

to be compatible with other file systems could cost the industry 1 billion 

dollar a year (Stevens, 2001). In the last 20 years, CAD has gradually moved 

from a solution-driven tool, that was used to test improved technologies, into 

a problem solving tool to be more efficient (Löwstedt & Norr, 1991).  

2.4 The Development of CAD 

The first generation of CAD was introduced between late 1970s and the early 

1990s. The system was focusing on task of configuration design at that time 

(Goel et al., 2012). However since mid-1980s, CAD has already been 

recognized as an important tool for industrial plant engineering. Most 

manufacturing companies implemented CAD as the designing and 

manipulation tool to produce blueprints, either for new projects, retrofit 

projects or expansion projects (Sackett & Gubanc, 2004). Sendler & Wawer 
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(2008) explained that the computer technology has enabled experts to 

produce three-dimensional (3D) models, compared to the traditional method 

where the engineers had to use paper to create drawings. The traditional 

method took more time and was more troublesome. 3D modeling using CAD 

system enables a visceral image, provides complicated engineering 

calculations and performs checks to reduce error (Kang et al., 2014). All of 

these features facilitates all the engineers to provide a more descriptive 

visualization, so that other colleagues from other fields of specialization 

could also see and understand the detail of the model (Sendler & Wawer, 

2008).                                   

 

 
 

 

 

 

 

Figure 2.3 From paper drawings to 3D Visualization 

These are significant contributions of CAD that were mentioned by several 

authors, which can be seen in table 2.2: 

Table 2.2 Contribution of CAD 

Authors Contributions of CAD 

(Liker et al., 

1992) 

-Increase productivity of designers and design 

engineers 

-Increase the designer’s conceptual capacity and 

creativity 

-Reducing lead time by transferring design databases 

to manufacturing 

Alleviate costly testing prototypes 

-Paperless databases. 

(Marsh, 1993) -Increase the accuracy of manufacturing artwork 

tooling by about 1,000% 
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-Increased board packaging density by about 1,000%  

-Made new packaging technologies possible, such as 

multichip modules. 

(Howard & Lewis, 

2003) 

-Reduce cost and lead time from product conception to 

product development for new products and product 

modifications. 

(Riesenfeld et al., 

2015) 

-Enable visualizing the whole models of engineering 

design from conceptual through detailed phases of 

design with analysis profusely available throughout the 

entire process. 

2.4.1 The Evolution Phase of CAD 

Goel et al., (2012) divided the development phase of CAD into three 

generations. During the first generation of CAD systems, which was 

developed between the late 1970s and the early 1990s, CAD was typically 

focused on the task of configuration design. The second generation, which 

was developed between the late 1980s and the early 2000s, advanced four 

major research themes; design databases, case-based reasoning, model-

based reasoning and visual reasoning in design (ibid). Goel et al., (2012) also 

mentioned that it is harder to identify the third generation of CAD systems 

since it is still going on right now. Different with previous researchers, Imre 

et al., (2015) divided the development of CAD into five phases since its 

emergence, as can be seen in figure 2.4. While Goel et al., (2012) divided the 

development phases of CAD based on the perspective of artificial intelligence 

in design, Horvath and Vroom (2015) saw different phases of the 

development of CAD based on shifting objectives in research and 

development, advancements of the computational hardware and software 

technologies and aggregation of algorithm and methodological knowledge. 
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Figure 2.4 Phases of evolution of CAD (Horvath & Vroom, 2015, p. 166) 

It was mentioned that the evolution phases of CAD after year 2005 was 

entering the permeation into new domain, for instance the reverse 

engineering methods were approached based on image-based reconstruction 

or direct 3D scanning (Horvath & Vroom, 2015). The four rapidly-growing 

application domains are bio-physical CAD, molecular CAD, micro and nano 

CAD and VLSI-CAD (ibid). 

Besides all the differences from each researcher about the development of 

CAD, the paradigm shift that happened in the mindset of the engineers who 

are using CAD is also worth the attention. Sendler & Wawer (2008) 

mentioned that, in the past and with traditional methods of division of 

labour, the engineering department in manufacturing companies was a 

highly specialized one and fundamentally different. The development 

department was virtually isolated when designing a model. No one knew or 

understood what the designers were doing at that time until they had 

finished their job. Furthermore, the technical drawings that were produced 

were completely sophisticated, this resulted in the fact that hardly anyone 

could understand it. Several years later, the designers and the engineers 

were still dominating the knowledge of the design, but there was a better 

integrating process with other colleagues from other departments. The 

designers or the engineers were not the single players in the team anymore. 

Sharing knowledge with other department encouraged a greater company 

success (Sendler & Wawer, 2008). 
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2.4.2 The Driving Forces of the Diffusion of CAD  

Löwstedt & Norr (1991) showed that the 1980s was a dramatic period within 

many design departments within the Swedish manufacturing industry. 

Where at the beginning of the decade CAD was used only by a few major 

companies (total data was 144 companies). 10 years later CAD had increased 

significantly to more than 50% of the respondents used CAD. In correspond 

with Löwstedt and Norr studies of the diffusion of CAD in Swedish 

manufacturing companies (Fiorito, 2007) also studied about the diffusion of 

CAD but in the US apparel industry. The findings of his research mentioned 

that the diffusion of CAD/CAM in their manufacturing companies was still 

considered few although it has been shown that the use of technologies is 

extremely beneficial to the companies’ survival (ibid).  

Baba & Nobeoka (1997) mentioned four driving forces in the diffusion of CAD 

usage in the firms. Those driving forces are the capabilities of the engineers 

and designers in using CAD tools were improving, the improving technology 

of CAD tools related with user interfacing, speed and reliability, the 

improving data transferability, and the ability to reuse the existing drawings 

(ibid). While Horvath & Vroom (2015) saw that the triggers of the historical 

evolution of CAD were the shifting objectives in research and development, 

the advancement of computational hardware and software technologies and 

the aggregation of algorithm and methodological knowledge (ibid).  

2.4.3 Integration of CAD in the Organization  

It has been mentioned above that in the early of the emergence, CAD was 

used as a helping tool within the engineering design to produce a visual 

model that was usually handled in a separated division below the 

engineering or information system department. Adopting CAD system 

without giving attention to the organizational innovation may not result in 

satisfactory outcomes (Park et al., 2012). 

Due to its reinforcement, CAD nowadays has been involved in product 

lifecycle management (PLM). PLM is including other product development 

systems with elements of other essential functions, such as product data 

management (PDM), computer aided engineering (CAE), CAM, customer 
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relationship management (CRM), supply chain management (SCM) and 

enterprise resource planning (ERP) (Ameri & Dutta, 2005; Boswell, 2007; 

Schuh et al., 2008). PLM can integrate several tools within an organization to 

help consolidating all of the activities in the product development lifecycle 

(Eastham, et al., 2014). 

 

Figure 2.5 CAD as an integral part of PLM 

There is not only internally changes, but also external where it has a 

tendency to create a design integration between the suppliers and the 

assemblers. Among three leading Japanese automakers, Toyota no longer 

uses TOGO-CAD that was developed within Toyota and instead has adopted 

CATIA-V5 and PROENGINEER for engineer parts, Nissan used I-DEAS by 

SDRC in 1995 but from 2005, it chose to use NX by UGS as the next 

generation of CAD, and Honda has used CATIA from the beginning without 

its own internal version (Park et al., 2012). This substantially enhances the 

efficiency for engineers of manufacturers and suppliers to coordinate their 

design activities especially at an early stage of product development, which 

plays a crucial role for achieving product integrity (Clark & Fujimoto, 1991). 
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2.5 Previous study about the Diffusion of CAD  

2.5.1 Imagination, New Technology and Changes 

The focus on previous work created by Löwstedt (1989) was about what kind 

of conditions the manufacturing companies had to implement CAD. He also 

analyzed what decision the manufacturing companies had to make in order 

to start use the technology. The purpose of it was to try if a cognitive actor 

perspective could be used to analyze the changes within the organization 

when new technologies are implemented. The three companies that were 

studied had external similarities, they are all manufacturing companies, they 

are subsidiaries in a big group, all of them are working with exports, and 

they were all early in adopting CAD. The companies were analyzed in three 

different levels, formal, real, and cognitive in order to see the different 

changes where the process and structure were the main focus. In the first 

level, formal, the focus was on how the formal organization planned and 

regulated. The second level, real, was related with how people acted. The last 

level, cognitive, related to how people’s perceptions, knowledge, and values 

are from a cognitive perspective within the organization. The implementation 

of CAD did not affect explicitly the formal level of the organization. The forces 

from the current structures were too strong in order to change the formal 

organization. The conclusion from Jan was that new technology trigged 

changes within the organizations but it would not decide the changes 

content or its trajectory. The usage of CAD within companies at this time 

was for 2D and in less common cases for 3D shadow models (ibid). 

2.5.2 The CAD-technical Spread and Organizational Meaning 

It took around ten years before Swedish manufacturing companies acquired 

CAD according to (Löwstedt & Norr, 1991). It took bigger companies seven 

years. In the same study by Jan and Christer they had also looked upon 

other technology and their implementation rate. They had identified that 

CAD had harder implementation rate within companies compared to the 

telefax machine. The telefax machines implementation rate was ten times 

faster than the implementation of CAD workstations, its main reasons were 

the price and user complexity of CAD. In the study, prognoses of future 

acquirements show that the pace in smaller companies is still the same but 
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in bigger it is slowing down. The early adopters of CAD are companies within 

the electro technical industry and have batch production. The first usage of 

CAD within the companies in this study showed that it was used for new 

construction instead of variation construction. This was surprising because 

the most palpable function of CAD at that time was for geometrics which 

were common in variation construction. It is hard to pinpoint the 

organizational changes because it varies between the companies and there 

are no clear patterns that an acquisition of new technology actually changes 

the organization. The most common organizational change that could be 

identified within the companies was that the workload between persons on 

the same hierarchal level was evenly distributed. The conclusion was that 

bigger companies which acquired CAD mentioned that, by acquiring CAD 

they could handle more construction work with the same personnel. The 

smaller and middle-sized companies underlines that CAD has helped them 

with the flexibility by more alternatives that could be evaluated already in 

the product development phase. It was also a good tool for higher service and 

more selling presentation material to their customers. CAD has also started 

to integrate more with other applications, one of them was CAM. It was the 

next level integration where CAD started to communicate with the 

manufacturing parts of the organization by CAM. There were problems with 

the integration by having interface problems between the programs (ibid). 

2.5.3 The Evolution of CAD Tools for Product Development 

Six years later after Löwstedt & Norr (1991), Baba & Nobeoka (1997) argue 

that 3D CAD systems can play a central role in the creation of knowledge-

based product development systems. They identified the influence of CAD on 

product development by seeing the evolution of CAD usage in product 

development. In 1970-1985 was the introduction stage where CAD was used 

as an electronic drafting board that helps the companies to reduce the 

numbers of engineering hours in the design process. In 1985 – 1995 was the 

learning and diffusion stage where the designers learned to use CAD more 

efficiently and continued to be adopted in greater numbers. In this stage, 

CAD has managed to improve regarding user interfaces, speed, reliability 

and a continuous improvement in data transferability. After 1995, CAD was 
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considered to enter the integration stage where all components are designed 

using 3D solid modelling capabilities such as CATIA and IDEAS, so that the 

same 3D CAD data can be used by all of the engineering functions including 

styling and component designers, analytical engineers and manufacturing 

engineers (Baba & Nobeoka, 1997).   

2.6 Research Model 

The conceptual framework is built based on the theoretical parts where the 

keywords have been identified and put into a research model. The research 

model will be used in order to create an interview guide with directions 

towards identifying the maturity phase. 

 

Figure 2.6 The research model 

To reach the purpose of this research, we identify it from three main factors: 

how CAD has been used in the company, the driving forces that influence 

the changes of CAD and the integration of CAD in the company. 

Drawing 
table -> 2D

2D -> 3D

Current 
Phase

The usage of 
CAD

Integration of 
CAD in the 

organization

The Driving 
Forces

Diffusion of CAD

Time

Future of CAD
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The interview questions that will be generated from the research model will 

be supported from the theoretical framework. The usage of CAD will be 

supported from: 

 Chapter 2.1 The diffusion of innovation 

 Chapter 2.2 Product Life Cycle Concept.  

The questions to identify the driving forces that influence the changes of CAD 

will be supported from:  

 Chapter 2.3 The diffusion of technology in manufacturing companies 

 Chapter 2.4.1 & 2.4.2 The development of CAD.  

The interview questions to identify CAD integration within the company will 

be supported from: 

 Chapter 2.4.3 Integration of CAD in the organization.  

Finally to understand what has happened in the present stage, we start to 

learn from the previous study, which is about the diffusion of CAD. It can be 

identified in: 

 Chapter 2.5 Previous studies about the diffusion of CAD. 

Based on this conceptual framework, we will construct our interview 

questions to see the contingency between the information from the 

companies and the supporting literature. All of these factors will be analyzed 

as the foundation to see the future of CAD in the next stage. 
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3. Methodology/Research Approach 
Five companies have been part of this study. The companies are the following: 

Konecranes Lifttrucks, Semcon, Autotube, Sandvik Coromant and Pelly 

butiksinredning. All the companies are connected, in some terms, with the 

manufacturing industry and they all are users of CAD. It was important to find 

both small and bigger companies to see if the trajectories of the technology 

have differed among the companies. 

3.1 Research Strategy 

The approach that we conducted is the qualitative research strategy. Corbin 

& Strauss (2008) mentions that the most frequent and accurate reason for 

researchers to conduct a qualitative study is because that “the research 

question should dictate the methodological approach that is used to conduct 

the research” (Corbin & Strauss, 2008, p. 12). However, Corbin & Strauss 

(2008) did mention another reason that fits this study and that reason is 

that the researchers have the opportunity to get into the inner experience of 

participants. How meanings are formed through and in culture within the 

inner experience of participants. Qualitative research is to discover rather 

than test variables (Corbin & Strauss, 2008). The qualitative method is also 

a pedagogic device for students to obtain a first grip of a difficult area 

(Silverman, 2000). In terms of our study the difficulties would be to see what 

happened after the introduction and growth phase of CAD. In order to 

identify the trajectories after the introduction and growth phases a 

qualitative study must be conducted where the researchers leave great 

leeway to the companies. 

3.2 Literary Sources 

The use of different literary database have been necessary to find relevant 

scientific papers within the topic area. The databases that have been used 

are the following: ABI inform, Science Direct, Web of science, JSTOR, and 

Google scholars. The program publish or perish 4 have also been to great 

help, this program generates articles from different databases which made it 

easier to find some of the articles in need. Some of the keywords to find the 

appropriate content were: The diffusion of innovation, CAD development, 
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product lifecycle, the bandwagon effect, technological innovations, IT in the 

innovational process, technological trajectories etc. The most relevant 

articles were found from other authors references lists by identifying the 

context the third author were writing about and then read the original text. 

3.3 Empirical Material 

The interview guide was formed as a semi-structured. According to (Bryman 

& Bell, 2011) when creating a semi-structured interview, the interviewee 

should have a great leeway in how to replay. This was necessary for our 

study because the uncertainties in identifying the last phase of how CAD 

have been developed could not be framed. Another key point that Bryman 

and Bell mentioned was that, during the interview it is possible that key 

points that were not included in the interview guide would appear. In this 

case, there are possibilities to question more about the newly discovered key 

word. 

3.4 Data Collection 

The companies that were interviewed had a two-step procedure if it was 

necessary. Firstly the interviewees sent the questionnaire to the company 

which is based on the research model, when the interviewed company 

replied by sending the interview guide back the interviewees analyzed their 

answers. If the interviewees felt that there was lack of information or that 

information were missing, the company would be contacted again. This is to 

reassure that the question is fully understood and that the information 

needed were given. There have been two face-to-face interviews; Sandvik and 

Konecranes Lifttrucks. Both of the interviews were conducted at their 

companies in the interviewee’s office. The interviews took in average around 

one hour where the additional information that deviated from the 

questionnaire were included. One of the interviews were recorded in order to 

optimize the time required to conduct the interview due to time limitations. 

3.5 Interview Guide 

This is the interview guide that were used when conducting a face-to-face 

interview with the companies, it was also the same that was sent out to the 

other companies where they filled it in by themselves. When the interviewees 
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conducted the face-to-face interviews they let the interviewee speak openly 

during questioning without limiting them. One advantage to have open 

questions is as (Bryman & Bell, 2011) mention that it is useful to explore 

new areas where the researcher has limited knowledge in. In cases where it 

escalated too much out of topic the interviewees gave small directions 

towards the topic again. The layout of the questionnaire that were conducted 

at companies can be seen in appendix 1. 

3.6 Analyzing the Data and Ensuring Validity 

Silverman (2000) mentions that if the researcher is not able to show how the 

execution of his/hers methods was, there is no need for aiming to create a 

conclusion of the research dissertation. David Silverman therefore explains 

the importance of validity and reliability (ibid). 

Table 3.1 Validity and reliability (Silverman, 2000, p. 175) 

Validity 

By validity, I mean truth: interpreted as the extent to which an account 
accurately represent the social phenomena to which it refers. (Hammersley 

M. , 1990, p. 57) 

 

Reliability 

Reliability refers to the degree of consistency with which instances are 
assigned to the same category by different observers or by the same 

observer on different occasions. (Hammersley M. , 1992, p. 67) 

 

All the documents that have been sent to the companies are safely stored 

and can be evaluated from other persons. There are also some recordings 

from the face-to-face meetings that have been saved. These documents have 

been reviewed multiple times in order to not miss valuable information and 

to see if the interpretation could be seen in other perspectives. 

We have not done further conclusion rather than the information provides. 

In that case we tried to keep the transparency and provide information that 

is gathered by ourselves. The case studies is a good source of information for 

us to find the technology changes in the companies which we think is a good 

method. 
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4. Empirical Data 
The empirical gathering will be presented from all the companies in this 

chapter. The companies that will be presented are the following: Konecranes 

Lifttrucks, Semcon, Autotube, Sandvik Coromant and Pelly butiksinredning.  

In the collection of data the focus of companies was, as mentioned before, 

manufacturing companies. Within this area there were different views on 

CAD and individually perceptions and different needs between the 

companies. There was leeway for the companies in the interviews which gave 

some additional information that could not be identified from theory. Hereby 

a presentation of the different companies will be presented and their 

perspective from the different areas that the research model covered which 

was generated from the theory. 

4.1 Konecranes Lifttrucks AB 

Konecranes Lifttrucks is stationed in Markaryd and is one of the biggest 

companies in the world of building heavy lifttrucks. A simplification could be 

made within the truck industry where light lifttrucks are those that are 

driven around in warehouses, and the heavy lifttrucks are those who are 

used in the ports. Konecranes Lifttrucks only focus on the heavy segment 

and was founded 1994. However, when Konecranes Lifttrucks was formed it 

was called SMW lifttrucks where SMV stands for Silverdalens mekaniska 

verkstad (Silverdalens mechanical workshop). It was not until 2004 that 

Konecranes bought SMW lifttrucks and became Konecranes Lifttrucks. 

Konecranes Lifttrucks are today a company with around 200 employees and 

the revenue is around 1.2 billion SEK. The person that got interviewed 

within this company was the chief engineer and has been within the 

company since its startup 1994. He has many years of experience of 

construction and worked with it before the startup of SMV lifttrucks. 

4.1.1 The Usage of CAD 

The first time with CAD within the company was already in the startup of 

SMV lifttrucks 1994. They introduced with five workstations, a workstation 

includes one computer plus the software. For each workstation, there was 

one educated constructor, which means in total five people. The first 
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program that was used within the company was AutoCAD. The main 

purpose of using AutoCAD was to create 2D drawings. None of the designers 

that started 1994 had previous experience with the AutoCAD tool. However, 

they had been using different 2D tools at previous workplaces. AutoCAD was 

mainly used for the mechanical parts, however Konecranes Lifttrucks had 

other areas where AutoCAD was applicable, for instance to make electrical 

constructions. During 1999 Konecranes Lifttrucks had invested in two more 

workstations with light versions which means that they did not have all the 

features that AutoCAD offered but the area that they started to work with 

was electrical constructions. Konecranes Lifttrucks had employed two new 

designers to help with the constructions and they focused on electrical 

constructions to an extent but the bigger parts were still outsourced. It was 

not until 2004 that they started to use 3D CAD. They changed the entire 

CAD system to Solidworks and one of the reasons that Konecranes Lifttrucks 

chose Solidworks was because of its similarities to the old AutoCAD system. 

It did not mean that the designers could escape the fact that they had to 

educate themselves. The designers had to go on educational seminars for 

one to two years, at the same time that they had a responsibility for the 

ordinary business.  

The similarities that Solidworks and AutoCAD had was when it came to 

create sketches. Solidworks also had according to the chief engineer the best 

and most user-friendly sheet metal tool. This was a key factor for 

Konecranes Lifttrucks because the majority of the usage of Solidworks would 

be in the sheet metal tool. All the mechanical parts were constructed in 3D 

in order to be able to do simulations and the more that they got to know the 

program the more complex models were done. The chief engineer also 

mentioned that the traditional drawing table to 2D CAD was a very big step 

and it was almost the same as from 2D to 3D. Today Konecranes Lifttrucks 

can almost simulate a whole product even before they start to manufacture 

the product. It’s not fully supported yet, they can do partly simulations but 

the effect that this has made is a lot of money savings on prototypes. 

However, there were also problems when converting to the 3D systems. In 

the 2D world the most common file was DVG and the most common trade 
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file was DXF between 2D systems. The export/import worked almost every 

time. The 3D systems had problems with the exchange of export/import files 

where features were not included that was created in different programs. 

4.1.2 Driving Forces 

The first implementation of CAD was as mentioned 1994 at the same time as 

the foundation of the company. The driving forces to invest in CAD at that 

given time was because there was a lot more opportunities in working with 

2D CAD. The chief engineer also mentioned that all the designers had a 

demand of not going backward in technology from their previous workplaces. 

It was not time efficient to work in the traditional way where the drawings 

were created manually. The next upgrading step of CAD within the company 

was 1999 where Konecranes Lifttrucks extended their workstations by two. 

It was an organizational decision because the organization grew and in order 

to keep up the demand they had to invest in new workstations. It was not 

until 2004 that the designers did notice the potential of 3D CAD when they 

had heard from other persons what it was capable of. The initiative taker to 

invest in this came from the construction department because it was either 

to change to a faster system which would reduce the time requirements and 

the opportunity to start to work with 3D CAD or to employ more 

construction people. 

4.1.3 CAD within the Organization 

The cost for implementing a new workstation 1994 was around 50 000SEK 

and today is around 100 000SEK which is almost the same because of the 

inflation. The chief engineer said that it is hard to put an exact number on 

how much CAD has contributed to the company. However, he was certain 

that it had saved money by reducing time consumption. One contribution 

that produced CAD files has done to the top level management is that they 

have been able to use them as technical description for decision making. The 

innovation process is an iterative process from the whole organization. They 

usually start to make sketches within CAD directly and nothing manually. A 

normal process is structured as following; a customer hopefully gives a clear 

picture of how he/she wants the product to be like. Then they start to sketch 
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the product in CAD to show the customer the outcome. The customer will 

give feedback when they have reviewed the product, the last changes will be 

made until both parts are satisfied. In this process Konecranes Lifttrucks 

usually works a lot with 2D in order to show some layout suggestions and 

also descriptions, this is to clarify the broader perspective. The 3D 

modulation will be used when more detailed questions get emphasized. 

Konecranes Lifttrucks are using the integrated PDM system that is built-in 

in Solidworks to an extent. The PDM system is mostly used to organize all 

CAD related files such as drawing, linkages, versions, audits and history gets 

lost. 

4.1.4 Future of CAD 

It would be nice to see more development in the simulation feature as a 

selling tool according to the chief engineer. He said that it would be great if it 

was possible to show a virtual model on how the machine is going to look 

like from different perspectives at the same time when it shows some of the 

performance in early stages, however he also mentioned that it would 

depend on how many drawings that there was in the library. Another thing 

that Konecranes Lifttrucks has as a priority is not to invent the wheel twice. 

This means that they always try to eliminate the moments where they do the 

same thing twice. This situation has been hard when working worldwide 

where the chief engineer hopes that the interface will be improved among 

CAD systems so they can eliminate doing the same work twice. 

4.2 Sandvik Coromant AB 

Sandvik Coromant is the world leading supplier tools, tooling solutions and 

know-how to the metalworking industry that was founded in 1942. Sandvik 

Coromant is one of the business areas of Sandvik AB, an engineering group 

in tooling, materials technology, mining and construction. Sandvik 

Coromant puts extensive investments in research and development to create 

unique innovations and set new productivity standards together with their 

customers. Sandvik Coromant has around 8000 employees worldwide with 

annual revenue of 30 billion SEK in 2014. We had our interview with Mrs. 

Wenche as the manager engineering data & platform and Mr. Leif Ohlsson as 
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the senior pro CAD/CAM systems to get all the information needed for this 

study. He has been working for more than 33 years in the company. 

4.2.1 The Usage of CAD 

Sandvik Coromant implemented CAD the first time in 1977. At that time, It 

was used only as a design and manufacturing tool. There is a remarkable 

difference that can be seen from the first implementation of CAD with the 

current phase of CAD. A shifting from a simple wired-based system with no 

features into a high end solid modeling system with various features and 

possibilities. 

It was mentioned by Mr. Leif Ohlsson that there were several changes that 

gave significant impacts for the company. An upgrade of CAD from UGI to 

UGII gave massive changes that opened up more features like enabling 

coloring, attributes, names and the possibilities to make smarter basic 

geometries that carried some meta data. Another upgrade of CAD from UGII 

to UG10 using parasolid was mentioned as one of the upgrade version that 

gave significant changes. It enabled enhancing model creation, so that the 

designers could create models much faster, implementing master modeling, 

concurrent engineering and also there was integration with FEM tools like 

Nastran and Ansys. 

Currently, several departments in Sandvik Coromant that uses CAD 

software in their daily activities are the design department, development 

department, prototyping department, manufacturing department, and 

calculation department.  

4.2.2 Driving Forces 

Before CAD was implemented, Sandvik Coromant used paper, pencils, 

drawing boards and calculators to define a model. After CAD was 

implemented in 1977, there were 4 workstations available and 50 users that 

worked using it. The initiative taker came from R&D Department for design 

and manufacturing purpose. In 1989, Sandvik Coromant upgraded its CAD 

into 40 workstations in 1989. The initiative taker this time came from the 

design/manufacturing department in order to increase the production and 
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quality of the products. Until 2014, Sandvik Coromant has 1000 

workstations worldwide with 1200 users.  

During the changes, Mr. Leif Ohlsson mentioned that there were some 

problems occurred. Not everybody was open with the new technology. 

Various new tools have popped up with the result of adding more things to 

do in the end-users level. The dependencies of using digital tools are high in 

daily work, especially when new updates arrive. The new digital world 

generates more pressure for the end users and the designers could design 

more in the previous time. Moreover, he also adds general information for 

the technology diffusion in Sandvik Coromant that the purpose of using the 

technology to be a paperless office is still a dream. People still print a lot, 

and even more paper are being used compared to the previous time. 

4.2.3 CAD within the organization 

The contribution of CAD in Sandvik Coromant can be seen up to the parent 

company, where it can create the infrastructure where to work and put the 

information/help for the programs. There are several steps in the company 

before a product can be launched in the market. Starting from identifying 

the problem or enhancement that is required from the market, the 

developers come with ideas on how to solve it. The ideas have to be 

presented in front of the decision makers. The decision makers will decide if 

the project should continue or not. If the project should continue then, all 

the solutions will be reviewed. The first prototypes will be made and tested. 

The decisions are made based on the result of the tests. In the end, the 

suggestion for improvement will be delivered to the developers. All the 

requirements for the workshop must be considered until it is possible to be 

manufactured. After that, the final decision will be made if the project will go 

or not. If the project will go, then the preparation for manufacturing will be 

started.  

In Sandvik Coromant, there are other software applications that are 

integrated with CAD, such as Teamcenter/PLM, SAP and Ansys.  
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4.2.4 The Future of CAD 

When we ask about what the future of CAD would be, Mr. Leif mentioned the 

needs of producing more digital outputs like reports, investigations, etc.  

4.3 Semcon AB 

Semcon is a consultant company within product development and product 

information with 1500 employees and earned 2.508 million Swedish Krona 

in 2013. Semcon is the abbreviation of Scandinavian Engineering and 

marketing Consultants, it was founded in Västerås, Sweden in 1980. 

Although Semcon is not a manufacturing company, but Semcon works 

closely with the manufacturing companies using CAD as a tool to create an 

innovative product. We want to see from the external company perspective 

for this diffusion of technology. Since 1985, Semcon has its head office in 

Göteborg, Sweden. Semcon started its international expansion in 1994 with 

UK as the first location, currently Semcon has several other operations such 

as in Hungary, China and Malaysia. At first, we contacted the CEO of 

Semcon, Mr. Marcus Granlund to provide us some information related with 

this research study, and together with the help of Mr. Peter Söderborg as the 

team leader for CAD that has been working for Semcon for 15 years, we 

could complete the information that we need.  

4.3.1 The Usage of CAD 

Semcon works very closely with their customers. Semcon helps their 

customers to develop their products and for that reason, CAD is an essential 

tool for Semcon. Since Semcon has a wide variety of customers, Semcon also 

provides a wide variety of different CAD tools. The reason is because it is 

important to be compatible with certain customers so that Semcon could be 

able to deliver the results to the customers PDM system. During this time, 

Semcon mentioned that the problems that occur more often are about the 

various variety of CAD software and PDM software, thus it creates new 

challenges with compatibility, working methods, file conversions, and the 

connection between CAD and PDM itself.  

The main differences are hugely perceived since the first implementation of 

CAD and the latest version of CAD. In the early times, CAD only could be 
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used to draw lines in 2D, while now CAD is a powerful tool for product 

development, often with different modules specialized towards different 

needs such as sheet metals, molding, mechanics, CAE, CAM etc. 

4.3.2 Driving Forces 

Semcon has implemented CAD since 1980 with the initiative from R&D 

Department. In 1989, the design department took initiative for the further 

updates of CAD. The main reason was to be more compatible with more 

applications. In 1992, there was another upgrade for CAD in Semcon. The 

initiative taker was from the production department and the quantity 

demand from the customers was the trigger. Our interviewee mentioned that 

the number of workstations and users was just a rough estimation because 

he started his career in Semcon in 1992 and at that time Semcon has 

already implemented AutoCAD, Catia V3 and Cadds4x. All the files were 

stored on the magnetic tapes on a big tape recorder to keep track of the 

historical data. 

4.3.3 CAD within the organization 

As it has been mentioned before that Semcon works closely with their 

customers, it is reflected in the way they work. Normally, Semcon will get 

some basic input from the customers for their needs. Starting from that, the 

development phase starts. During the development phase, Semcon mostly 

have a tight contact with the customers to ensure that Semcon is on the 

right track. It usually depends on what type of projects that Semcon faces.  

In this interview Semcon gave an example when they were getting a 

requirement for an engine block project. One of the managers in charge will 

analyze whether Semcon is capable or not knowledge wise to fulfil 

customers’ request. If that project is possible, the next step will be handed in 

to the design department where the modeling using CAD is being used. After 

this process, it goes to the engineering calculation to calculate the material 

costs to produce this material. Semcon said that, in this stage, all knowledge 

and resources usually happen in parallel to meet the deadlines.  When the 

development phase is finished, Semcon will show the result to get the 
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customers’ acceptance. When the product is ready to release, the customer 

has already known how it looks like and has already accepted the work. 

4.3.4 The future of CAD 

When we asked Semcon of what they would like to see for the future of CAD, 

our interviewee explained that it would be nice if it was possible to track the 

requirements from the customers in the early phase with CAD.  Semcon 

would also like to see an improvement in the compatibility of product 

Lifecycle technology where it can cover more systems. Another important 

improvement that Semcon would like to see is if CAD could improve their 

capabilities in social collaboration area. It means that all people will be 

included in the whole chain process, from the ideas creation, where everyone 

could see all ideas from everyone, keep track of the good ideas and throw the 

bad ones and also with the integration from the customers, so that the 

product will have a better quality delivery. 

4.4 Autotube AB 

Autotube was founded, as Hevas AB, 1956 by Valetin Heurlin. Autotube has 

been a manufacturer of bicycles, scooters, and motorcycles. Today Autotube 

is a high technological Swedish industry that is owned by MGI Coutier. 

There are two production stations stationed in southern parts of Sweden. 

One in Ulricehamn and one in Varberg. Today, Autotube’s main business is 

to manufacture tubes used for air and fluid distribution in a vehicle. The 

methods that Autotube is providing are the following; end forming, bending, 

welding and brazing, surface treatment, assembly. Autotube have an annual 

revenue of around 700 million SEK and around 400 employees. The person 

that were contacted in this company was the senior engineer and CAE 

responsible. He has been working within the company for 21 years. 

4.4.1 The Usage of CAD 

The senior manager in Autotube mentioned earlier experience from Volvo 

trucks where he mentioned that they only used 3D CAD at Volvo trucks 

1987. All the 2D was created in the traditionally way. It was not until 1990 

2D came to CAD, but it was still faster to do the 2D traditionally and the 

CAD station were expensive, the software was around 350 000SEK and a 
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computer 350 000SEK, which means that for one workstation it would cost 

around 700 000SEK. However, when the senior manager started at Autotube 

1994 his mission was to invest in CAD. He bought both 3D and 2D CAD and 

the first program that was used was Catia V3. The 2D was not something 

that interested the senior engineer. He also mentioned that if you start with 

3D you will learn to use 2D, it was the same for Ford. They started with 3D 

and then the 2D came. 3D CAD contributed by starting to minimize the 

errors in manufacturing of tools. It was possible to make the engine room 

more compact with the help of 3D CAD because everything could be put 

more closely to each other. Another contribution with CAD was that NC-

preparations with laser cutting and 3D/2,5D milling went directly from the 

CAD-model and have reduced the errors in manufacturing a lot. The FEM 

calculations has reduced the lead times. It has been dramatically changes in 

CAD sense its emergence and the latest version. According to the senior 

engineer, the precision in the CAD models has been increased. Before it was 

only ruff contours in the beginning and later on it became more and more 

detailed until today where all the round radius and edges are included. This 

was strictly prohibited before because the computer could stop by 

overloading. 

4.4.2 Driving Forces 

Autotube used to work in the traditional way where they draw on tables and 

the original drawing were found in the basement in the archives and the 

drawing could be 2x3,5m in size. The start of CAD came from the customer 

demand and it was an initiative from the management. 1993 was the first 

implementation of CAD within the company and it was the Catia V3 version. 

There was one educated user on one workstation. There have been a lot of 

changes during the years of software and versions. There have been changes 

1995, 1997, 1999 and some of the software that were used was Catia, 

AutoCAD, Ideas, ProE. The senior engineer explains that it is not big solid 

steps in the changes, it is a continually update and its initiative comes from 

the design department. There have been a lot of problems with the different 

CAD versions. There have been compatibility problems where commandos 

did not work, bugs and CAD versions that were not compatible. Customers 



37 
 

that thinks that it is possible to get everything that is possible to create in 

3D. There was 3D models that were wrong, models that had some 

disturbance which made that NC-operations could crash. When the latest 

version that Autotube is using was implemented it occured some 

problematics with the file system. The senior engineer mentioned that when 

Catia V5 was introduced it led to the fact that both Ford and Volvo cars had 

problems by mixing different editions of the same item when the customer 

did not have this file that Catia were using. 

4.4.3 CAD within the Organization 

CAD was a requirement to be in the car industry and it has reduced the 

errors in the construction manufacturing. It had a lot of opportunities for the 

organization where FEM-calculations could be created and its outcome 

would be less errors. It was also an early indication if the details would hold 

or not. It was also a fast distribution tool of manufacturing information, for 

instance, it was easy to copy drawings. The process to start manufacturing 

something were like this; the environment from the customer were sent to 

Autotube. Thereafter Autotube would create detailed constructions in 3D. 

Then the 3D drawings would go to the customer in order for them to review 

them and decide. Then Autotube would create 2D+3D tool drawing from the 

2D+3D detailed drawings. These drawing will be used directly in the laser 

cutting machines and NC-milling machines. 

4.4.4 Future of CAD 

The senior engineer states that everything that is tried to be foreseen gets 

often wrong, the one that lives will see. However, what he would like to see 

more in the future of CAD is that there will be more calculations and more 

visualizations. 

4.5 Pelly Butiksinredning AB 

Pelly Butiksinredning (Pelly Shopfittings) is a company that works with 

specialized shopfittings. They work with variation construction in order to 

fulfill their customers’ requirements. Pelly starting point was 1939 and since 

then they have created, built and developed shops for companies that wants 

to have a shop concept that attracts today and in the future. They have a 
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slogan that says, “With security, service and simplicity as watchwords we 

will offer effective shop-solutions to the retailers, from idea to end-product”. 

Pelly are today around 55 employees and the annual revenue is around 200 

million SEK. The person that has been contacted at Pelly is the development 

manager. He has been working in Pelly around 4 years. The information from 

this company complements several points that have not been mentioned in 

other companies. 

4.5.1 The Usage of CAD 

Pelly Butiksinredning implemented CAD for the first time in 2000 with 1 

workstation. During the early time, CAD was used for construction drawings 

of new fixtures and documentation of existing base concept. The 

implementation of CAD through Solid Works enabled Pelly to create model 

construction in 3D from 2D. This feature was considered as a breakthrough 

in the company, especially for the visualization purpose. Pelly 

Butiksinredning was used to drawing manually before CAD was 

implemented. The design and construction department in Pelly 

Butiksinredning works closely with CAD. It consists of 7 employees; 4 

employees use Solid Works, 2 employees use ArchiCAD and 1 employee use 

Cinema 4D.  

The differences that could be noticed with the upgraded version are better 

visualization tools, more user-friendly graphic interface, easier to achieve 

nice presentation with less effort, more user-friendly to users and the 

changes in newer CAD version. Pelly Butiksinredning mentioned that there 

were always issues with compatibility when it came with the upgrading 

phase with the suppliers and customers, so it was important to have the 

latest version in order to be able to interchange the data with the suppliers 

or the customers. Since Pelly Butiksinredning currently has the latest 

version of CAD, so far Pelly Butiksinredning does not have any severe bugs’ 

problems. 

4.5.2 Driving Forces 

It has been mentioned above that Pelly Butiksinredning has started creating 

the model using hand drawing. In 2000, the owners took initiative to 
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implement CAD. The motives were to capture opportunities and to follow the 

market needs. It is important for Pelly Butiksinredning to interchange 

models with other suppliers or customers for the business, so currently Pelly 

Butiksinredning is using the latest version of CAD. 

4.5.3 CAD within the Organization 

The implementation of CAD in Pelly Butiksinredning enables the company to 

save time in constructions, visualization and presentation of ides without 

making mock-ups or prototypes every time. CAD can also present a 

professional documentation of the company’s products with various 

calculations and dimensioning analysis. 

The flow process from the idea until it becomes an end product, start from 

the brief description from the customers. After that, the sketch or quick 

model view of the intended construction was made to be verified by the 

customers. After getting the verification, the detailed CAD drawing from 

production was made, the prototype was verified, adding adjustments, and 

then the full production was conducted. There will be a quality inspection 

throughout the whole life cycle. In this case, the documentation of the 

specifications of all the products is important to keep the quality high and 

increase the customer’s satisfaction level. The end result from CAD will 

contribute a professional status on the market and secures the market 

shares. By having a detailed documentation from CAD will comfort the 

management as the decision makers. Currently, Pelly Butiksinredning does 

not have any other applications that are linked with CAD, but they have a 

future plan to integrate their directories with their business system/intranet 

via Sharepoint. 

4.5.4 Future of CAD 

In Pelly butiksinredning, a higher level of user friendliness and the ability to 

produce the 3D printing from the CAD platform can be seen as the future of 

CAD. The ability to produce 3D printing directly could perform less standard 

procedure to create prototypes that is still used in Pelly butiksinredning.  



40 
 

3D printing enables the company to be more efficient in costing and can help 

the company to generate CAD models for improvements, design and 

documentation. 

5. Analysis 
In this chapter, we will start to analyze the empirical information provided 

from each company. There will be a cross analysis where we try to identify 

similarities and differences. Hereby we want to present the companies 

profile: 

Table 5.1 Company profile 

 

It can be seen from the table above that this study was conducted within 

various kinds of companies. Based on the revenue, they are varied from 200 

million SEK until 3 billion SEK. Based on the numbers of the employees, 

they are varied from 55 until 8000 employees. Based on the industry type, 

although mainly are working closely with manufacturing companies, they 

are engaged in different kinds of industries, such as automotive, mechanical, 

manufacturing consultant company, lifttrucks and shop lifting industry. 

From these diversified collections of data, the similar pattern, the peculiarity 

and the differences among each companies could be deeply analyzed. 

Konecranes Semcon Autotubes Sandvik Coromant Pelly Butiksinredning

Company Information

Industry Type Lift Trucks

Consultant company 

for product 

development and 

Automotive Mechanical Shopfitting industry

Revenue (million SEK) 1200 2508 700 3000 200

Employees 200 1500 400 8000 Ca 55
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5.1 The CAD Usage within the Companies 

Table 5.2 The CAD usage within the companies

 

The implementation of CAD within the companies has been a complete 

change in the process of an organization. It could be said that CAD is an 

innovation process because the impact of the changes in work has been 

changed radically. In Konecranes Lifttrucks and Semcon, the first 

implementation of CAD was used for creating 2D drawings in a more 

effective way meanwhile in Autotube they started to work with 3D CAD 

directly. This could also support that CAD as a technology is an innovation 

by looking at (Rogers, 1983) five characteristics of what an innovation is. The 

first factor, relative advantages, could be found in all the companies where 

the implementation of CAD lead to economic benefits in form of less errors in 

manufacturing, minimizing lead times, early indicator if a product will hold 

or not etc. It could also be linked with the statement that (Bessant & Tidd, 

2007) said which is that technological innovations are the source of quality 

improvements and productivity.  

CAD has also led to competitive advantage, Konecranes Lifttrucks, Pelly 

Butiksinredningar and Semcon used it as a selling tool to make 3D models 

that they could show their customers. There have also occurred 

complications by being able to show customer 3D models. Autotube 

mentioned that it has become troublesome by customers thinking that 

Konecranes Semcon Autotubes Sandvik Coromant Pelly Butiksinredning

The Usage of CAD

CAD Versions

1994: AutoCAD

1995: AutoCAD + 

AutoCAD light

2004: Solidworks

The year information 

for each upgrade can 

not be captured but, 

the versions that 

have been used are 

AutoCAD, Catia V3 

and Cadds4x.

1993: Catia V3

1995: Catia V4

1997: AutoCAD 3D + 

Catia V4

1999: Catia V4, Ideas, 

ProE, AutoCAD

UG1, UG2, UG10 

(Parasolid)

Solidwork, 2000v1750s

CAD Workstations

1994: 5

1995: 5 heavy and 2 

light (7)

2004: 8

1980: 2

1989: 3

1992: 5

1993: 1

1995: 2

1997: 3

1999: 3

1977: 4

1989: 40

2014: 1000

2000: 1

CAD Functions

2D, 3D especially 

sheet metal tool

sheet metal, 

molding, mechanics, 

CAE, CAM

3D, 2,5D, 2D, CAE 2D, 3D, CAM 2D drawing, model 

construction in 3D for 

vizualisation

Application Area

2D drawings, 3D 

visualization, 

Simulations, System- 

and detail 

construction, 

Electrical drawings

Product development 3D modulation, 

Calculations, 

Manufacturing support, 

FEM

Master Modelling, 

concurrent 

engineering, FEM tools

Construction drawings of 

new fixtures and 

documentation of existing 

base concept
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everything that is created in 3D is possible to manufacture. The most 

common application area for CAD when the companies implemented CAD 

was for 2D drawings. The reason for Konecranes Lifttrucks to implement 

CAD was because the designers that were about to start working there at the 

same time as the company was founded did not want to go back to the 

traditional drawing table. This could be linked with the bandwagon effect 

where Konecranes Lifttrucks and Pelly Butiksinredningar implemented CAD 

without any strategic considerations.  Autotube started with CAD because 

the customers demanded it and in Semcon case the demand came from the 

R&D department. 

The popularity of CAD within these companies has increased through the 

years since the implementation. It could be seen in the increase of 

workstations within the companies where the number of workstations has 

increased in all of the companies. We have recognized CAD as a technology 

that is currently in the maturity phase in the PLC. It could be supported by 

seeing the increase of workstations in the companies. It has also existed on 

the market for a long time. CAD is also widely diffused which means that it 

has been implemented in many companies, and there is also a variety of 

products. However, there are still problems from early phases in the PLC. As 

(Twiss, 1992) mentioned in the introduction phase of a technology, there is 

reliability problems with the technology. This problem still exists in all the 

companies that we spoke with. It was different problems in different 

companies but the outcome was still that there were reliability problems.  

5.2 The Driving Forces that Influence the Development of CAD 

Each of the companies mentioned that CAD gives significant contributions in 

their business, either reducing the total lead time of the whole product 

development process and increase the design engineers’ productivity. We can 

see that the contributions of CAD nowadays in manufacturing companies 

are supporting what the previous researchers have mentioned before like 

Liker, Fleishcher, & Arnsdorf (1992), Howard & Lewis (2003), and Riesenfeld, 

Haimes, & Cohen (2015).  
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Although it has been used since 1990s the main contributions of CAD has 

not changed much, but we see that the phenomenon of the evolution of CAD 

from the theory from Horvath & Vroom (2015) that describes how CAD after 

2005 goes into permeation into new domain did not occur within the 

companies that we studied. Those companies are still in the visualization 

and collaboration phase. We analyzed why this phenomenon cannot be seen 

on our interview. It is possibly because all of our companies’ industry type 

are related with manufacturing while based on the literature it was 

mentioned that it occurred rapidly in bio-physical CAD, molecular CAD, 

micro and nano CAD and VLSI-CAD. In this study, from the information that 

we got, we see that the evolution phase of CAD in the manufacturing 

companies has not moved into the permeation into new domain yet. It is still 

in the visualization and collaboration phase. We see that there is a need to 

give an industry specification that follows the evolution phase’s theory from 

Horvath and Vroom (2015). 

During the interview, the companies explained various driving forces that 

trigger the implementation or the upgrading process of CAD.   

Below is the cross analysis table of each company: 

Table 5.3 The driving forces of the implementation of CAD 

 

We can interpret from the table above that the strongest driving forces come 

from the technology push. Semcon and Pelly Butiksinredning did the 

upgrade in order to catch up with other third parties’ technology, such as 

their customers’ technology or their suppliers’ technology. Konecranes 

Lifttrucks and Sandvik Coromant needed to increase the efficiency and 

effectiveness for overall performances. This supports one out of four driving 

Konecranes Semcon Autotubes Sandvik Coromant Pelly Butiksinredning

The Driving Forces

Initiative Taker

-Organization

-Construction 

Department

- R&D Department

- Design Department

-Production 

Department

-Management

-Design Department

- R&D Department

-Design/manufacturing

-The owners

Motive

-More time efficient 

and effective overall

- Technology Push

- Compatibility

- Quantity demand

-Customer demand

-Effective construction

-Design/manufacturing

-Increase 

productivity/quality

-Price

-Opportunities and market 

following
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forces from Baba & Nobeoka (1997) that change the diffusion of CAD: the 

improving technology of CAD related with user interfacing, speed and 

reliability.  

We also see that there is a shifting objective in the way the companies’ uses 

technology. In the early phase where it changed from a simple drawing board 

into an advanced calculation modeling process. Currently, not only an 

advanced calculation modelling process can be built, but also enabling a 

simulation process before the first prototyping is made. This phenomenon 

supports the theory from Horvath & Vroom (2015) that mentioned about the 

aggregations of algorithm and methodological knowledge as one of the 

factors that supports the changes in the historical evolution of CAD diagram. 

In the end, the improvement in technology also influences the paradigm 

shifting in the organization. It was a long time ago where the engineers 

worked separately when creating a model. Nowadays, the whole team works 

more elaborately cross departments to build a model. This paradigm shifting 

can be seen as the effect of the technology diffusion within the organization. 

5.3 CAD Integration within the Organization 

When we want to see the positioning of CAD in the structural organization 

perspective, we started by identifying how the situation was when CAD was 

implemented for the first time. Each of the companies mentioned that it was 

quite a costly investment to implement CAD. It is important for them to get 

desirable outcomes afterward. We had this impression during the interview 

that in order to optimize the value of CAD within the company, that there is 

a tendency where the companies would like to take as many opportunities as 

they can to broaden the added value that CAD offers. They want CAD to be 

utilized for other beneficial purposes. The way the companies enhances this 

value is various among the different companies. The different answers are 

summarized on the next page in table 5.4: 
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Table 5.4 CAD integration within the organization 

 

In Konecranes Lifttrucks and Semcon, PDM is equipped as an extension of 

CAD. While, in Sandvik Coromant, it has a more advanced technology to 

integrate CAD with PLM system (Teamcenter), and ERP system (SAP). This 

phenomenon supports the researchers that have been working to see the 

reinforcement of CAD in the company like Ameri & Duta (2005), Boswell 

(2007) and Schuh, Rozenfeld, Assmus & Zancul (2008) that mentioned that 

companies tried to involve CAD with other elements of other essential 

product development systems.  The specific purposes are different between 

the companies. In Konecranes Lifttrucks, PDM is widely used to keep 

tracking of their historical data, but in Semcon, the driving force is to catch 

up with customers’ technology so that their technology is at the same level 

with their customers or even better. In Pelly Butiksinredning, it was 

mentioned that there has been no applications that is integrated with CAD 

yet. But for the future plan, Pelly Butiksinredning has been planning to 

integrate it with Sharepoint, so that their directories can be linked. In a 

general perspective, there are similarities of why the companies tried to 

integrate CAD with other systems. There are several reasons that we found 

of why this tendency occurred:  

Konecranes Semcon Autotubes Sandvik Coromant Pelly Butiksinredning

CAD within the organization

Contribution of CAD

-Minimize time 

consumption of 

different moments 

-Used as technical 

description for 

decision making

-Help customers to 

develop products.

- deliver results into 

customers' PDM 

system

-A lot less errors in the 

construction 

manufacturing

-Shorter lead times

-Early indicator if things 

would hold or not

-Easy to copy drawings

-Fast tool to distribute 

manufacturing 

information

-Build the 

infrastructure

-Sharing knowledge

-Time saving constructions -

Visualization and 

presentation of ideas 

without making mock-ups 

or prototypes every time 

-Professional 

documentation of products

-Various calculation and 

dimensioning analysis  

Problems with CAD

-Exchange of files 

with the inclution of 

features

-Wide variety of CAD 

& PDM Software

-Compatibility

-Working method

-File conversion

-Transferability from 

CAD to PDM

-Compatibility problems

-Bugs

-3D models having 

disturbance

-File system problem

-No -No, we are have the latest 

versions and we don't 

experience severe bug 

problems

Integration with other applicatios

PDM PDM PLM, Teamcenter, 

SAP,Ansys

Not yet, but we plan to 

integrate our directories 

with our business system / 

intranet via Sharepoint
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 The companies want to strengthen their competitive advantages, by 

utilizing the technology that they already had. CAD is not used only 

limited in producing a 3D modeling, but  also have the needs to be 

advanced in catching up with the new technology to get more added 

value from it, such as the ability of tracking historical data for future 

plans or auditing purpose that is used in Konecranes Lifttrucks. In 

Semcon, they acted as the consultant for their consumers and they 

want to capture the wide variety of customers from as many as 

possible, so it is important to have various kinds of CAD and their 

extensions. If there are requests from the customers that requires 

them to transfer the final result of the model to be compatible with the 

customers’ PDM system, they will not lose this kind of customers since 

Semcon already have the technology of doing it. This also supports the 

theory from Phaal, Farrukh & Probert (2001) that mentioned about the 

importance of understanding the specific technology and the ways in 

which organizations can best manage technology. 

 Integration with other applications can shorten the lead times of the 

product development process and increase the efficiency of the 

workforce in the company. If the data restored from CAD can be used 

directly for other purposes in other departments, such as for 

engineering calculations or data auditing, it can save a significant 

time. After the design department finishes making a 3D modeling in 

CAD, the engineering department can make an engineering calculation 

directly by seeing the technical specification or the audit department 

can track the historical data of the changes etc.  

Therefore, we also looked into the after process of the final result of CAD 

modelling. We see that the diffusion of technology of CAD within the 

company could contribute in the decision making process. Although there is 

no single decision maker to say if the final result of the CAD drawings could 

go or no-go in the projects. It took several other departments to consider if it 

can be produced or not, such an example in Semcon, although the design 

department is the one who is responsible to make the drawing, but the 
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engineering department will also collaborate to make the engineering 

calculation, and the customers are continually giving feedback during the 

process before reaching an agreement to produce the end products. In 

Konecranes Lifttrucks, the technical specification from CAD is used to see 

the capabilities from the technical perspective as an input before they decide 

to produce the products to see if it meets the requirements or not. 

Although CAD was used for a specific purpose in its early phase: drawing 

tools, but with the help of other application systems, CAD nowadays can be 

seen to have more contributions to the companies and influence the decision 

making process. 

5.4 The Future of CAD 

Table 5.5 The future of CAD 

 

In the manufacturing companies which are Konecranes Lifttrucks and 

Autotube, the needs of a future development of CAD was similar. The needs 

of Konecranes Lifttrucks was that it would be great if the simulation tool 

could be used in earlier phases. This would be used more for selling 

purposes where they could show the customer how the specific lifttruck 

works and some of its performance. In Autotube they also wished for more 

visualization and also more calculations. However, the demand was different 

in Semcon which is a consultancy company. They wanted to see more of the 

integrational parts, where the whole chain process should involve more 

persons. From the start of an idea they wanted to involve their customers, 

which means that it should be more development in the capabilities in the 

social collaboration area. Both Konecranes Lifttrucks and Semcon wished for 

more compatibility development. Konecranes Lifttrucks wished for better 

Konecranes Semcon Autotubes Sandvik Coromant Pelly Butiksinredning

Future of CAD

Specific Needs

-More development 

in the simulation 

tool 

-Make the CAD 

software more 

compatible with 

each other

-CAD can take part 

since the earlier 

phase (quotation)

-Social collaboration 

area

-More compatible 

with other 

applications

-Keep tracking of all 

the ideas in each 

stage.

-More Calculations

-More Visualizations

-Digital output: reports, 

investigations

-More user-friendly

-3D printing from the CAD 

platform

-Less need for mock-ups

-Prototypes for decision 

making
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compatibility between CAD software’s so the loss of features would be 

minimized and Semcon wanted that the PLC technology should also be more 

compatible with each other. 

Sandvik Coromant which has the most advanced technology amongst all the 

companies did not mention about the problems like the other companies 

have, such as compatibility problems. The future needs that was mentioned 

on the interview is to have other features in digital platform, such as 

enabling reporting directly from CAD software.  

It can be seen that the problem with compatibility still exists even if it is not 

specifically in the automotive industry. The problem is still similar to what 

(Stevens, 2001) identified 14 years ago where the cost for the automotive 

industry was 1 billion dollar yearly because of incompatibility. This means 

for instance that Konecranes Lifttrucks sometimes need to re-create models 

which they tried to avoid. 

In Pelly Butiksinredning, the ability to produce 3D printing directly from 

CAD platform was seen as the main feature that will be beneficial. Since 

currently, after showing the model through the computer screen, they still 

need to make a prototype before it can be produced. 3D printing directly 

from CAD platform was believed could make the whole process more 

efficient. 

Based on the interview, our interpretations of what the future of CAD would 

be is that it is coming towards a more integrated role both in organizational 

structure wise and technical wise. Technical wise, CAD software will not only 

stand alone as a modeling tool, but also can support other departments’ 

activities and become more accessible for other departments. By opening 

this possibility in the future, it can promote the idea generation process 

within the company, so that more people will contribute to find the best 

solution that the company could offer. A linkage from CAD platform directly 

to make a 3D printing that was mentioned by Pelly Butiksinredning, could 

also be an alternative to promote efficiency in the whole process since the 3D 

printing will reduce human error and save time. Integrated way of working 
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by utilizing technology in the organization will also increase the efficiency of 

the whole team that will lead to better deliveries for the customers.  

6. Conclusion and Discussion 
In this chapter, we will present the findings from the analysis. It will also 

explain limitations and what could be further investigated. 

This study was set out to identify characteristics of the diffusion of 

technology within manufacturing companies from a PLC perspective. CAD is 

the technology that is focused on. To achieve this purpose we went through 

several studies that had been conducted in the early stage of the diffusion of 

CAD. A rapid technology improvement in the recent years brings out the 

need to make a continuation study to extend the knowledge in that 

perspective. This study sought to answer these research questions: 

RQ1: How has the usage of technology changed? 

RQ2: How do people use it in the organization? 

RQ3: What are the driving forces? 

The empirical findings for each company were explained within chapter 4. In 

this section, the answers of those research questions are synthesized. To 

finalize the findings a presentation of past, present and future will be 

described as the research model shown.  

6.1 The Past of CAD 

Previous study that has been conducted by Löwstedt and Norr (1991) to see 

the diffusion of CAD during that time is the foundation to bridge this study. 

This study has used empirical findings to show that CAD has moved from a 

problem solving tool into an integrated organizational approach. In the 

previous study where Löwstedt (1989) looked upon the implementation of 

CAD and how it changed the organization he found out that new technology 

created changes in the organization but it does not decide the changes 

trajectories. At that time, CAD was mostly used as a 2D tool and in some 

cases to build 3D shadow models. However, some years later when both 

Löwstedt and Norr (1991) looked upon the diffusion of CAD they saw that 
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CAD has moved from a solution driven tool to a problem solving. Where CAD 

has started to move more to 3D usage and not only 2D. It has also started to 

integrate more with the manufacturing part of the organization where CAD 

and CAM where communicating. However, there were problems with the 

interface between the applications. 

6.2 The Current Phase of CAD 

There is no dramatic change of the usage of CAD in each company since 3D 

modeling has been introduced. The main usage of CAD is still mainly in 

making a 3D visualization model and simulations. But, when the interview 

questions were brought into the organizational level perspective, it can be 

seen that there is a paradigm shifting on how people see the diffusion of 

technology. CAD is not a specialized tool for the designers only. There is a 

tendency to bring more people to be more engaged within. Not only the 

engineers or the designers that work closely with CAD, but also more 

colleagues from other departments could capture the benefits. This paradigm 

shifting can be seen as the effect of the technology diffusion within the 

organization 

There are two reasons why this tendency has occurred. First, the company 

needs to strengthen their competitive advantage. The more advanced 

technology the companies implement, the more added value they could 

obtain. In Konecranes Lifttrucks, the ability to tracking historical data in 

CAD can be used for future project plans. While in Semcon, various versions 

of CAD enable them to be more engaged with various types of customers, so 

the opportunities are wider. In Sandvik Coromant, it has more application 

systems that are integrated with CAD to support their business. Figure 6.1 

shows the level of integration of the diffusion of CAD in the company.  
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Figure 6.1 Level of integration 

We classified the companies into three groups: Stage 1, stage 2, stage 3. 

Where stage 1 represent companies that have not integrated anything yet. 

Stage 2, where the companies have integrated CAD to a certain extent, for 

instance within the design department where they can track all the history of 

CAD files. Lastly stage 3, where Sandvik Coromant have integrated outside 

parts from the organization, for instance, customers and suppliers. Autotube 

does not see the need to integrate with other application considering the 

investment cost, Pelly Butiksinredning does not have an integrated 

application yet, but has already seen the need of it. Konecranes Lifttrucks 

and Semcon have partly integrated CAD with a few applications and Sandvik 

Coromant has the most complex integration amongst all. 

Integration with other application can shorten the product development 

process and increase the efficiency of the workforce in the company. If the 

data restored from CAD can be used by other colleagues for other purposes, 

such as for engineering calculation or data auditing, it can save a significant 

time. The important point is not the sophistication of the technology, but the 

mindset of the organizations that use it. It was also mentioned if CAD 

platform can directly produce a 3D printing, the process of making 

prototypes could be shorten. This finding supports Phaal, Farrukh & 

Probert’s (2001) statement that mentioned about the importance of 

understanding the specific technology and the ways in which organization 

can best manage technology.  

- Sandvik 
Coromant AB

- Konecranes 
Lifttrucks AB
- Semcon AB

- Autotube AB
- Pelly 

butiksinredning AB

CAD Integration in 
the Organization

Stage 1                                             Stage 2                                             Stage 3
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6.3 The Future of CAD  

Related with the study about future prediction of CAD that has been 

conducted by Horvath & Vroom (2015), it was said that in the evolution 

phase of CAD, CAD currently goes into permeation into new domain. But in 

this study, the pattern is still consistent that CAD is still in the visualization 

and collaboration area in the manufacturing companies. There is a need to 

give an industry specification that follows the evolution phase’s theory by 

Horvath & Vroom (2015). However, the needs from the future of CAD are 

different between the companies. In Sandvik Coromant and Semcon we saw 

that they wanted more integration of CAD and that it could contributed more 

to the value chain, in terms of more integration of their customers and 

tracking history. In the three other companies Konecranes Lifttrucks, 

Autotube and Pelly butiksinredning, the needs from CAD were different. 

They needed more specific technical improvements of CAD as a tool. For 

example, in Konecranes Lifttrucks they wanted better visualization tool, in 

Autotube they wanted more calculations, and in Pelly they wanted a more 

user-friendly software. 

This study has provided a qualitative perspective that emphasizes on several 

important phenomena in the diffusion of CAD in manufacturing companies. 

The interviews were conducted intensively with specific criteria of people, 

such as the gatekeeper that has been working since the early stage of the 

CAD implementation or the one that fully understands the organization 

business flow. As many of the qualitative research consequences, this study 

has encountered a number of limitations, which can be considered. One 

reason was the need to capture more data from companies based on the size, 

so that the data spreading and pattern can be seen more clearly. Another 

limitation was the need to find the companies that has implemented CAD 

since its emergence or the early adopters, so that the diffusion pattern can 

be investigated over time. 

The scale of this study is therefore extensive. Various kinds of companies 

such as health industries or construction industries that are not the focus in 

this study, but work closely using CAD, might be worthwhile to investigate in 

the future.  
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7. Reflection 
Looking back from the starting point of this thesis-making process, writing a 

master thesis was the first time experience for both of the authors. 

References from other previous master thesis were a great help as a start for 

us to have a bigger picture on how to make one good master thesis. During 

the process, there were numerous daily group meeting and communication 

in order to build a feasible master thesis. Both of the authors came from a 

different education background and culture. Besides academic wise, there is 

a need also to adapt with the working culture. The lessons learnt do not only 

come from an academic perspective, but also broadening the experiences of 

each authors in cultural perspective. Less than five months was quite an 

intensive time to construct the whole master thesis, together with other 

courses as well. 

Structuring each section is one of the core processes to build this thesis. The 

authors believe that to produce a coherent master thesis, the structure 

should be finalized profoundly. Due to the lack of experiences, there were 

several changes on the structure and the contents of each section, mostly in 

the research questions, the theoretical framework part and the interview 

guide. This could be happened because, in those parts, the authors still had 

no clear view on the end point. Meeting with supervisor was important to be 

a guidance to keep on the right track. As master students, independent 

learning and initiative was also needed afterwards. 

The most time-consuming part in this thesis was gathering data from 

companies. It was mainly because of the dependency with other parties for 

the result and they actually had no objections to be given a deadline since 

this master thesis was not their main task. Out of six companies that were 

willing to participate and contribute with information, there was one 

company that could not be used in this thesis since the answers were not 

clear enough to be analyzed. So, the authors decided to present five 

companies with clear answers to be developed in this master thesis. 

Although, a greater number of companies would help to improve the patterns 

even more. The authors also considered about the quality of the answers so 
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that the results could be interpreted well. At this stage, the endurance to 

keep finding the right companies through several rejections was the learning 

points for both authors. If this process has to be done again in the future, 

the companies should be contacted much earlier to have a bigger chance of 

receiving feedback. 

In the end, maybe this master thesis was not in a perfect level, but the 

extensive reading routines, the immense writing process and brainstorming 

activities have granted valuable lessons to the authors for the future 

endeavor. There is no fineness in perfection, since it means that there will be 

no improvements available. The value lies in the process to enjoy the journey 

and bring out the best of each individuals and put them together in one 

masterpiece.  
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Appendix 1: The interview guide 

Preparation: 

1. Introduce yourself 

2. Give a brief explanation of what our topic is 

3. Explain how we will conduct this interview 

4. Ask the interviewee if we can get a permission to put his/her name 
together with the company id in our master thesis. Is there any 
limitation regarding with this? 

Introduction 

 a. Can you tell us about yourself: 

  

 

b. Company Profile: 

 

 

The Diffusion History of CAD in the company 

 
Notes: 

1. First Year with CAD: the year when CAD was implemented in the company. 

Name  

Position in the company  

How Long have you been working in this 
company? 

   Years                   months 

Company Name  

Industry Type  

Number of employees  

Annual Revenue              SEK  
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Eg: the first time CAD was used in 1980, then there is an upgrade version in 

1989, then it will be written 2 lines. 

2. Number of workstations: how many workstations at that time. 

3. CAD Version: What kind of implementation or upgrade of CAD was it? 

4. Number of users: how many employees work less than 50% of man-days 

everyday using CAD during that time. 

5. Number of educated users: how many employees works more than 50% of 

man-days every day in the workstations. 

6. The initiative taker: who drives the implementation/upgrade of CAD? 

7. Motive: what is the motive to implement or upgrade. 

How CAD has been used within the company 

a. How did your company use CAD at the first implementation? 

b. Can you mention some changes in CAD that have been implemented 

in your company and the impact of each changes? 

c. Which departments do use CAD? How many employees work closely 

related by using CAD? 

d. Do you feel any differences or changes in CAD since its first emergence 

and the latest version? 

Driving Forces of CAD Changes 

a. How did you work before CAD was implemented for the first time? 

b. Could you please explain to us what has happened during the changes 

(problems, conflict or of CAD version within your company? 

c. Is there any difficulties occurred using   the current version of CAD? 

CAD Integration within the organization 

a. What are the contributions of CAD in the company? 

b. Are there any applications that is integrated with CAD in your 

company? If yes, how do they connect each other? 
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c. Can you explain the process flow how a model from CAD can be 

launched until a finished product? Which department will decide? 

d. Does the result of CAD effect the top level management to take a 

certain decision within the company? If yes, what do they take into 

consideration as a decision? 

The Future of CAD 

a. How do you think the future for CAD would be like? 

b. What improvements of CAD that you think will be very beneficial for 

your company’s development? 

 

*Do you agree if we put your company name in this research as our 

information source? Yes / No 
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